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EDITORIAL 


BOTTOM-UP ROBOTICS 
--Loren Means 


One of my favorite aspects of science fiction is the depiction of robots. | think of robots not just as surrogate humans, but 
also as autonomous works of art. So | was excited when | got a chance to see a presentation by a real roboticist, Dr. Cyn- 
thia Breazeal of MIT's Robotics Project, at the Commonwealth Club in San Francisco last year. But | was surprised when Dr. 
Breazeal said that robots had to have emotions, because emotion is a fundamental element of intelligent decision making, 
and is fundamental to survival. She differentiated between robot emotions and human emotions, saying that robot emotions 
wouldn't necessarily be closer to human emotions than dog or dolphin emotions. She also pointed out that robots are not 
evolutionary. She said that David the robot boy in Steven Spielberg's Al film had a design flaw in that he could not evolve 
into a separate entity with his own motivations, but was stuck with his only goal being loving and serving his “mommy.” Dr, 
Breazeal preferred the character of Teddy, the robot teddy bear in the film, and is working with the robotics engineers from 
MIT to build an equivalent of Teddy. 


| was surprised to hear Dr. Breazeal making these statements, because they contradicted the conception I'd picked up from 
science fiction that robots didn't have emotions because they didn't need them. Perhaps the definitive statement of this point 
of view was expressed by science fiction maven Brian Aldiss in The Mechanical God edited by Dunn & Erlich: "The ideas robots 
conform to are, of course, humanity's ideas. But man comprises emotion as well as intellect. Man, being whole, is always in 
conflict with his own ideas. Robots are only half human. In consequence, they are able to conform to man's intellectual ideas 
against which his spirit constantly rebels...If we are to become beings without emotional tone, with merely automatic responses 
to given situations--then robots represent in symbolic form the next stage of human evolution. In which case, we should take 
heed of the warning and accept a measure of chaos in preference to a rule of logic. Such is the message we receive from the 
novels of Philip K. Dick, one of the best robotic-writers, because he generally uses his robots as buffers between the living and 
nonliving. Dick's...robots are paradigms of people isolated through illness, with low-voltage ontological currents". 


After seeing Dr. Breazeal, | ran across the book Flesh and Machines by Dr. Rodney Brooks, also of MIT. In this volume and several 
articles, Dr. Brooks describes how he turned away from the traditional Artificial Intelligence “top-down” approach to attempting 
to create a surrogate of the human brain to power a mobile robot, since it didn't work, and substituted a "bottom-up" approach 
in which small robots with limited programming and minimal sensors were able to learn to co-operate and accomplish tasks 
through a kind of evolutionary emergent behavior that was out of control of, and usually surprising to, the robot designers. 


Science fiction writers tend to postulate humanoid robots that are as intelligent as humans. The issue of robots in science 
fiction is similar to the issue of aliens: dealing with an entity that is similar to humans but other. The bottom-up, emergent 
approach to robotics seems to me to differ fundamentally from what is usually presented in robot science fiction. 


In September 2004, | was perusing Rudy Rucker's web page (www.cs.sjsu.edu/faculty/rucker/) and ran across a reference that 
he was appearing at the Science & Fiction Symposium at a place in San Francisco called Swissnex. | contacted Swissnex, which 
turns out to be an organization which promotes Swiss business on the West Coast of the US (www.swissnex.org). They graciously 
invited me to represent YLEM at their Symposium, which included presentations by West Coast science fiction notables Greg 
Bear, Greg Benford, Terry Bisson, David Brin, and Kim Stanley Robinson. | noticed that, much as the science fiction writers 
enjoyed engaging in provocative dialog with each other, they all seemed particularly riveted by the presentations of the Swiss 
participants in the Symposium. The Swiss presenters were actively engaged in various aspects of robotics, from Francois Junod, 
who makes clockwork automatons, to the astronaut Claude Nicollier, to the roboticist Dario Floreano, who demonstrated tiny 
robots who taught themselves not to fall off a table. Dario and | had a conversation about educational aspects of robots, and 
he graciously agreed to contribute a manuscript to the YLEM Journal. 


Dario Floreano is a Professor at the Autonomous Robotics Lab, Federal Institute of Technology, Lausanne, Switzerland, where 
Francesco Mondada is a Senior Researcher. Andres Perez-Uribe is Chief of Applied Research and Daniel Roggen is a PhD student. 
Their article cogently describes the bottom-up approach. 


The following month | attended the monthly event presented by Karen Marcello's Dorkbot organization (“people doing strange 
things with electricity" www.dorkbot.org) to see a presentation by Lynn Hershman Leeson. There | met the visual artist Alex 
Kawas, who gave me an announcement of a November conference at Stanford University called Accelerating Change 2004. 
This conference, sponsored by the Institute for the Study of Accelerating Change in San Pedro, CA, also featured David Brin, 
as well as technology gurus Doug Engelbart and Jaron Lanier and an installation by computer graphics superstar Scott Draves, 
but | got a press pass to represent YLEM so | could interview Helen Greiner, the co-founder and Chairperson of the Board of 
iRobot Corporation of Burlington MA (www.irobot.com). 


Continued on page 14. 


YLEM FORUM 


The Heartfelt Search 

Tuesday, Jan. 18, 7:30 pm 

McBean Theater, Exploratorium 

3501 Lyon St., San Francisco, CA 94123 

FREE, Open to the public and wheelchair accessible 
Sponsored by YLEM: Artists Using Science and Technology 


Reaching for the stars and deep into the human psyche, four artists, a composer and a poet, share their visions, using multimedia 
art, photography, poetry and painting. Featured are Betty Roszak, Jim Gasperini, Dana Lynn Andersen and Cindy Pavlinac, plus 
Diane Fenster and her colleague Michael McNabb. 


PROGRAM: 

Poet Betty Roszak reads her poem about the supernova of 1987 with a backdrop of striking visuals. She is a poet and writer 
who lives in Berkeley, California. With Theodore Roszak, she edited Masculine/Feminine: Readings in Sexual Mythology and the 
Liberation of Women. She also contributed an essay on ecofeminism “The Return of the Goddess" to Ecopsychology: Restoring 
the Earth, Healing the Mind. Her audio-texts "Starbirth" and "The Crest of the East Pacific Rise,” poetic evocations of recent 
scientific discoveries, have been presented to numerous audiences, including the American Association for the Advancement 
of Science and the Geophysical Union of America. Her poetry has been published in Poetry Flash, Resurgence, and The Alex- 
andrian. 


Multimedia artist and writer Jim Gasperini has worked in various media over the years. He has produced interactive multimedia 
works on CD-ROM, written books for children, designed thoughtful computer games, and created interactive works for the 
web. He was the recipient of a fellowship from the New York State Council for the Arts. For 5 years he has been a participant 
at Burning Man, helping sculptors Pepe Ozan and Ann Hallatt construct their works, teaching throat-singing and co-producing 
the Burning Man Opera. Another aspect of his work that he will present is stereo art, both prints and on the web using his 
own technique. http://www.well.com/user/jimg/ 


Painter Dana Lynne Andersen, founder of Awakening Arts Institute, is a multi modality artist, writer and teacher. She is one of 
a growing number of artists are seeking a deeper source of inspiration and higher vision of what the Arts are meant to be. Her 
Awakening Arts Institute is a worldwide network of artists, patrons and friends who believe that art has the power to transform 
consciousness. "The Arts have a unique capacity to nourish the human Spirit and to rouse the latent higher capacities, which 
propel the evolution of humanity.” She is the illustrator of Born with a Bang; the Universe Tells our Cosmic Story (Winner of 
the prestigious Teacher's Choice Award) and From Lava to Life; the Universe Tells our Earth Story. A gifted teacher, Dana has 
awakened hundreds of artists to the joy of creativity through her acclaimed programs. http://www.awakeningarts.com/ 


Cindy Pavlinac's work as a fine art photographer, captures the beauty, mystery, and power of place. She works on location 
throughout Europe and North America photographing ancient sanctuaries and modern expressions of the sacred. Archaeo- 
astronomy has been the subject of much of her travels since 1984. Her photography has appeared as Principal Photography for 
the books Sanctuaries of the Goddess and Labyrinths, and in the Atlas of Holy Places and Sacred Sites, and in many magazines. 
She regularly presents her multimedia productions "Mystical Britain" and "Labyrinths of Spirit and Grace" featuring hundreds of 
slides and original music. Her current work involves collaging dozens of original photographs into complex digital composites. 
Her public gallery/studio is at Art Works Downtown in San Rafael and her website is at www.sacred-land-photography.com. 


Photographer and digital artist Diane Fenster in 1989 began to exploit the new Photoshop software for multilayered, narra- 
tive imagery. In 2001, she was the first artist to be inducted into the newly formed Photoshop Hall of Fame sponsored by the 
National Association of Photoshop Professionals and Adobe Systems. In the first years she relied on vintage photos, but in 
1992 began her own photographic experiments. "These opened a surprising new realm of meaning for my work, as | was able 
to find my own voice..." She views herself as an alchemist, using digital tools to delve into fundamental human issues. Her 
work is literary and emotional. http://www.dianefenster.com 


Fenster, and her sound artist collaborator, Michael McNabb, will present “Secrets of the Magdalen Laundries", a room size 
installation that creates a symbolic laundry environment by combining large scale photographic images printed on cotton bed- 
sheets hung from clothesline, with a digital sound composition based on the recording of women speaking Irish Gaelic. Viewers 
journey through a labyrinth of sheets, while emanating from the sheets and washtubs are the sounds of women whispering 
and speaking. The imagery on the sheets supports the premise that escape into their inner fantasy lives offered the women a 
survival mechanism. McNabb's unique environmental 12-channel sound composition brings a psychological fourth dimension 
to the work. Almost all of the sounds in the work are derived from female voices, either presented directly or manipulated and 
processed using computer software, including the composer's own custom software algorithms. Four women from an Irish 
language study program were recorded in San Francisco and form the basis of the sound experience. 
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A.|. lO) MACHINE SELF-EVOLUTION 


by Dario Floreano, Francesco Mondada, Andres Perez-Uribe, 
and Daniel Roggen 


Autonomous Systems Laboratory (ASL) 
Institute of Systems Engineering (I2S) 
Swiss Federal Institute of Technology, Lausanne (EPFL) 


http://asl.epfl.ch 


In the early 90's, it became clear for some of us that the key 
to create intelligent robots consisted of letting them evolve, 
self-organize, and adapt to their environment in order to 
survive and reproduce, just like all life forms on Earth have 
done and keep doing. The name Evolutionary Robotics was 
coined to define the collective effort of engineers, biologists, 
and cognitive scientists to develop artificial robotic life forms 
that display the ability to evolve and adapt autonomously to 
their environment. In this article we will show how we can 
evolve physical robots and describe some examples of the 
intelligence that these robots develop. 


Evolutionary Robotics 


The possibility of evolving artificial creatures through an 
evolutionary process had already been evoked in 1984 by the 
neurophysiologist Valentino Braitenberg in his truly inspir- 
ing booklet "Vehicles. Experiments in Synthetic Psychology’. 
Braitenberg proposed a thought-experiment where one builds 
a number of simple wheeled robots with different sensors vari- 
ously connected through electrical wires and other electronic 
paraphernalia to the motors driving the wheels. When these 
robots are put on the surface of a table, they will begin to 
display behaviours such as going straight, approaching light 
sources, pausing for some time and then rushing away, etc. 
Of course, some of these robots will fall off the table. All one 
needs to do is continuously pick a robot from the tabletop, build 
another robot just like one on the table, and add the new robot 
to the tabletop. If one wants to maintain a number of robots 
on the table, it is necessary to copy-build at least one robot 
for every robot that falls from the table. During the process 
of building a copy of the robot, one will inevitably make some 
small mistake, such as inverting the polarity of an electrical 
connection or using a different resistance. Those mistaken 
copies that are lucky enough to remain longer on the tabletop 
will have a high number of descendants, whereas those that 
fall off the table will disappear for ever from the population. 
Furthermore, some of the mistaken copies may display new 
behaviours and have a higher chance of remaining for a very 
long time on the tabletop. You will by now realize that the 
creation of new designs and improvements through a process 
of selective copy with random errors without the effort of a 
conscious designer was already proposed by Darwin to explain 
the evolution of biological life on Earth. 


However, the dominant view by mainstream engineers that 
robots were mathematical machines designed and programmed 
for precise tasks, along with the technology available at that 
time, delayed the realization of the first experiments in Evo- 


lutionary Robotics for almost ten years. In the spring of 1994 
our team at EPFL, the Swiss Federal Institute of Technology 
in Lausanne (Floreano and Mondada, 1994) and a team at 
the University of Sussex in Brighton (Harvey, Husbands, and 
Cliff, 1994) reported the first successful cases where robots 
evolved with minimal human intervention and developed 
neural circuits allowing them to autonomously move in real 
environments. The two teams were driven by similar motiva- 
tions. On the one hand, we felt that a designer approach to 
robotics was inadequate to cope with the complexity of the 
interactions between the robot and its physical environment as 
well as with the control circuitry required for such interactions. 
Therefore, we decided to tackle the problem by letting these 
complex interactions guide the evolutionary development of 
robot brains subjected to certain selection criteria (technically 
known as fitness functions), instead of attempting to formalize 
the interactions and then designing the robot brains. On the 
other hand, we thought that by letting robots autonomously 
interact with the environment, evolution would exploit the 
complexities of the physical interactions to develop much sim- 
pler neural circuits than those typically conceived by engineers 
who use formal analysis methods. We had plenty of examples 
from nature where simple neural circuits were responsible for 
apparently very complex behaviours. Ultimately, we thought 
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Figure 1. Above: Artificial Evolution of neural circuits for a robot connected 
to a computer. Below: The miniature mobile robot Khepera in the looping 
maze used during an evolutionary experiment. 


that Evolutionary Robotics would not only discover new forms 
of autonomous intelligence, but also generate solutions and 
circuits that could be used by biologists as guiding hypotheses 
to understand adaptive behaviours and neural circuits found 
in nature. 


In order to carry out evolutionary experiments without human 
intervention, at EPFL we developed the miniature mobile robot 
Khepera (Mondada, Franzi, and lenne, 1993) (6 cm of diameter 
for 70 grams) with eight simple light sensors distributed around 
its circular body (6 on one side and 2 on the other side) and 
two wheels (figure 1). Given its small size, the robot could be 
attached to a computer through a cable hanging from the 
ceiling and specially designed rotating contacts in order to 
continuously power the robot and let the computer keep a 


record of all its movements and neural circuit shapes during the 
evolutionary process, a sort of fossil record for later analysis. 
The computer generated an initial population of random artifi- 
cial chromosomes composed of 0's and 1's that represented the 
properties of an artificial neural network. Each chromosome 
was then decoded, one at a time, into the corresponding neural 
network whose input neurons were attached to the sensors 
of the robots and the output unit activations were used to 
set the speeds of the wheels. The decoded neural circuit was 
tested on the robot for some minutes while the computer 
evaluated its performance (fitness). In these experiments, 
we wished to evolve the ability to move straight and avoid 
obstacles. Therefore, we instructed the computer to select for 
reproduction those individuals whose two wheels moved on the 
same direction (straight motion) and whose sensors had lower 
activation (far from obstacles). Once all the chromosomes of 
the population had been tested on the same physical robot, 


the chromosomes of selected individuals were organized in 
pairs and parts of their genes were exchanged with small 
random errors in order to generate a number of offspring. These 
offspring formed a new generation that was again tested and 
reproduced several times. After 50 generations (corresponding 
to approximately two days of continuous operation), we found 
a robot capable of performing complete laps around the maze 
without ever hitting obstacles. The evolved circuit was rather 
simple, but still more complex than hand-designed circuits for 
similar behaviours because it exploited non-linear feedback 
connections among motor neurons in order to get away from 
some corners. Furthermore, the robot always moved in the 
direction corresponding to the higher number of sensors. Al- 
though the robot was perfectly circular and could move in both 


Facing opposite corner 


Facing light 


Figure 2. Left: A Khepera robot is positioned in an arena with a simulated 
battery charger (the black-painted area on the floor). The light tower above 
the recharging station is the only source of illumination. Right: Activity 
levels of one neuron of the evolved individual. Each box shows the activity 
of the neuron (white = very active, black = inactive) while the robot moves 
in the arena (the recharging area is on the top left corner). The activity 
of the neuron reflects the orientation of the robot and its position in the 
environment, but is not affected by the level of battery charge. 


directions in the early generations, those individuals moving 
in the direction with fewer sensors tended to remain stuck in 
some corners because they could not perceive them properly, 
and thus disappeared from the population. This represented 
a first case of adaptation of neural circuits to the body shape 
of the robot in a specific environment. 


The next question was whether more complex cognitive skills 
could be evolved by simply exposing robots to more chal- 
lenging environments. To test this hypothesis, at EPFL we put 
the Khepera robot in an arena with a battery charger in one 
corner under a light source (figure 2) and let the robot move 
around as long as its batteries were discharged (Floreano 
and Mondada, 1996). To accelerate the evolutionary process, 
the batteries were simulated and lasted only 20 seconds; the 
battery charger was a black painted area of the arena and 
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when the robot happened to pass over it, the batteries were 
immediately recharged. The fitness criterion was the same used 
for the experiment on evolution of straight navigation (figure 
1), that is, keep moving as much as possible while staying 
away from obstacles. Those robots that managed to find the 
battery charger (initially by chance) could live longer and thus 
accumulate more fitness points. After 240 generations, that is 
1 week of continuous operation, we found a robot that was 
capable of moving around the arena, go to a charging station 
only 2 seconds before the battery was fully discharged, and 
then immediately returning in the open arena. The robot did 
not simply sit on the charging area because it was too close 
to the walls and its fitness was very low (remember from the 
previous experiment that robots had higher fitness when its 
proximity sensors had lower activation). When we analysed 
the activity of the evolved neural circuit while the robot was 
freely moving in the arena, we discovered that the activation 
of one neuron depended on the position and orientation of 
the robot in the environment, but not on the level of battery 
charge (figure 2). In other words, this neuron encoded a spatial 
representation of the environment (sometime referred to as 
“cognitive map" by psychologists), similarly to some neurons 
that neurophysiologists discovered in the hyppocampus of rats 
exploring an environment. 


Figure 3. Co-evolutionary prey (left) and predator (right) robots. Trajectories 


generations. 
Competitive Co-evolution 


Encouraged by these experiments, we decided to make the 
environment even more challenging by co-evolving two 
robots in competition with each other. 


At EPFL we wanted to use physical robots with different 
hardware for the two species and give them more freedom 
to evolve suitable strategies by using as fitness function the 
time of collision instead of the distance between the two 
competitors (Floreano, Nolfi, and Mondada, 2001). In other 
words, we did not explicitly select predator robots for getting 
closer to the prey and prey robots for keeping a distance from 
predators, but we let them choose the most suitable strategies 
to succeed the ultimate survival criterion: catch the prey and 
avoid the predator, respectively. We created a predator robot 
with a vision system spanning 36 degrees and a prey robot 
that had only simple sensors capable of detecting an object 
at 2 cm of distance, but that could move twice as fast as the 
predator (figure 3). These robots were co-evolved in a square 
arena and each pair of predator and prey robots were let free 
to move for 2 minutes (or less if the predator could catch the 
prey). The results were quite surprising. After 20 generations, 
the predators developed the ability to search for the prey and 
follow it while the prey escaped moving all around the arena. 


However, since the prey could go faster than the predator, this 
strategy did not always pay off for predators. 25 generations 
later we noticed that predators watched the prey from far 
and eventually attacked it anticipating its trajectory. As a 
consequence, the prey began to move so fast along the walls 
that often predators missed the prey and crashed into the 
wall. Again, 25 generations later we discovered that predators 
developed a “spider strategy”. Instead of attempting to go 
after the prey, they quietly moved towards a wall and waited 
there for the prey which moved so fast that could not detect 
the predator early enough to avoid it! 


However, when we let the two robot species co-evolve for 
more generations, we realized that they rediscovered older 
strategies that were effective against the current strategies 
used by the opponent. This was not surprising. Considering 
the simplicity of the environment, the number of possible 
strategies that can be effectively used by the two robot 
species is limited. Even in nature, there is evidence that co- 
evolutionary hosts and parasites (for example plants and 
insects) recycle old strategies over generations. Stefano Nolfi, 
who worked with us on these experiments, noticed that by 
making the environment more complex (for example with 
the addition of objects in the arena) the variety of evolved 
strategies was much higher and it took much longer before 


of the two robots (prey is white, predator is black) after 20, 45, and 70 


the two species re-used earlier strategies (Nolfi and Floreano, 
1998). We also noticed that the competing selection pressure 
on the two species generated much faster evolution and 
behavioural change than in robots evolved in isolation under 
an externally defined fitness function. These experiments 
never stopped surprising us and indeed turned out to be a 
source of inspiration for the best-selling novelist Michael 
Crichton in his science fiction book Prey (Crichton, 2002). We 
feel that this area of research has still much to deliver for the 
bootstrapping of machine intelligence. 


Cooperative Co-evolution 


Beside competition, living organisms display complex levels 
of cooperation that provide them with higher evolutionary 
advantage. In collaboration with ant biologist Laurent Keller 
and robot designer Roland Siegwart, we are trying to determine 
whether the role of relatedness and the level of selection can 
be experimentally demonstrated using colonies of artificial 
ants implemented as small mobile robots with simple vision 
and communication abilities (figure 4). For this purpose, we 
have defined experimental settings where these robotic ants 
are supposed to look for food items randomly scattered in a 
foraging area. The robots are provided with artificial genomes 
that code for their behaviors in an indirect manner (i.e., the 


patterns of behavior activation coded by the same genetic 
code vary according to the phenotype frequencies in the 
colony). There are two kinds of food items, small food items, 
which can be transported by a single robot to the nest, and 
arge food items, which can only be transported by two co- 


Figure 4. Left: The sugarcube robot Alice equipped with vision system, distance sensors, communication 
sensors, and two frontal "mandibles" to better grasp objects. Right: The arena with small and large objects. 
The nest is under the textured wall where a small gap let objects -but not robots—fall on the floor. 


operating robots. By varying the energetic value of the food 
items, we can put more or less pressure on the advantage of 
cooperative behaviors. 


In a first set of experiments carried out in simulation, we 
investigated how colony performance evolved under different 
levels of selection (individual and colony level) and under high 
versus low “genetic” relatedness between robots of the same 
colony. We ran experiments using a "minimalist" simulator 
of the collective robotics evolution- 
ary setup (Perez-Uribe, Floreano, and 
Keller, 2003), and found that “geneti- 
cally" homogeneous colonies of foraging 
simulated robots performed better than 
heterogeneous ones. Moreover, our ex- 
periments showed that altruist behaviors 
are favored by colony-level selection, 
and that altruistic behaviors have low 
probability of emerging in heterogeneous 
colonies evolving under individual-level 
selection. Our current work is aimed at 
running these experiments in colonies of 
20 sugar-cube robots in order to better 
study the role of physical interactions. 


Physical Interactions 


Collaboration among animals can also take place at a pure 
physical level. For instance, a mother can help her kids by 
pushing, pulling, or transporting them on the back. Human 
acrobats can build towers with their bodies, ants can build 
bridges, rafts, pulling chains or doors, and bees can build 
curtains or balls, for instance. In all these examples the group of 
individuals can achieve a task impossible for a single individual 
by dynamically aggregating into different and functional 
physical structures. To investigate this new research direction, 


in collaboration with other European partners (Pettinaro et 
al., 2002), we are developing a new robotic concept, called 
s-bot, capable of physically interconnecting to other s-bots 
to form a swarm-bot (http://www.swarm-bots.org). Each s- 
bot is a fully autonomous mobile robot able to perform basic 
tasks such as autonomous navigation, 
perception of the environment and 
grasping of objects (figure 5). Ants 
can lift each other and heavy objects 
with their mandibles and can establish 
flexible connections between each other 
with their legs. Similarly, each s-bot is 
equipped with a strong beak gripper that 
can lift heavy objects or another s-bot 
and with a flexible gripper that can grasp 
another s-bot on the belt to maintain 
physical contact. S-bots can organize in 
swarm-bot configuration by dynamically 
attaching to each other and form various 
shapes according to environmental 
constraints or task needs. 


In addition to these features, an s-bot 
is capable of communicating with other 
s-bots by emitting and receiving sounds. 
S-bots can also use body expressions by 
changing the color of their body belt to display its internal 
state. Other s-bots, with their vision system, can see this 
corporal expression and react, for instance helping the 
“red” robot, following the “blue” one or connecting to the 
“green” one to form a swarm-bot configuration. Assembled 
in swarm-bot configuration, the robots are able to perform 
exploration, navigation and transport of heavy objects in very 
rough terrain, where a single s-bot could not possibly achieve 
the task. 


Figure 5: Left: The prototype of the s-bot robot with the strong beak gripper and the flexible arm. 
Right: Several s-bot robots can attach to build a swarm-bot capable of passing obstacles one single 
s-bot cannot deal with. 


The control of this hardware structure is very challenging 
and has implications on the whole design, from mechanics 
to software. In this project we resort to a combination of 
artificial evolution, behaviors inspired from the world of social 
insects, and standard engineering methodologies. Standard 
engineering methodologies are applied in all local sub- 
problems where classical approaches are well known, reliable, 
and form a basic structure on top of which we can build the 
collective control. This is for instance the case of standard 
mechanical solutions, motor control, sensor management 
(not processing) or low level communication procedures. Bio- 
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inspired solutions are applied where natural mechanisms are 
well identified and can be translated into our robot design 
and control. Examples of bio-inspired design elements are 
the shape of the grippers and the interactive synchronization 
of the robots when grasping an object. Another clear bio- 
inspired element is the general concept to solve complex 
tasks with the combination of many simple mechanisms. On 
the top of these two approaches we apply artificial evolution 
to exploit in the best way the specific properties of each part 
for a given behavior. 


Artificial evolution generated a set of simple rules capable 
of coordinating the movement of a group of connected s- 
bots (Baldassarre, Nolfi and Parisi, 2002). In this particular 
case, evolution exploited the property of a force sensor 
within the body of each s-bot to integrate the behavior of 
the whole group without need of external communication 
or additional coordination layers. These results indicate that 
physical interactions alone can provide useful information 
for coordination. 


Evolution of Learning 


Another interesting direction in Evolutionary Robotics is the 
evolution of learning. In a broad sense, learning is the ability to 
adapt during a lifetime, and we know that most living organ- 
isms with a nervous system display some type of adaptation 
during life. The ability to adapt quickly is crucial for autono- 
mous robots that operate in dynamic and partially unpredict- 


Figure 6. Above: A Khepera robot with a vision system is positioned in an 
arena with a light bulb and a light switch (black stripe on the wall). At the 
beginning of the robot life, the light bulb is off. The robot must develop from 
random synaptic connections, using genetically determined learning rules how 
to switch the light on and stay under the light bulb. Below: Trajectory of an 
evolved robot with enabled synaptic adaptation. 


able environments, but the learning systems developed so far 
have many constraints that make them hardly applicable to 
robots interacting with an environment without human inter- 
vention. Of course, evolution is also a form of adaptation, but 
changes take place over generations and that may require too 
much time for a robotic system (for a comparative discussion of 
lifelong learning and evolution, see Nolfi and Floreano, 2000). 
In order to compensate for the problems of both approaches, 
we decided to genetically encode and evolve the mechanisms 
of neural adaptation (Floreano and Urzelai, 2000a). The idea 
was to exploit evolution to find good combinations of learning 
structures, rather than static controllers, and to evolve learning 
structures that operated without the constraints of off-the- 
shelf learning algorithms. The artificial chromosomes held a 
set of rules that were used to change the synaptic connections 
among the neurons while the robot moved in the environment. 
The results were very interesting. 


A Khepera robot equipped with a vision system was put in 
an arena with a light bulb and a light switch (figure 6). The 
light switch is marked by a black stripe painted on the wall. 
The fitness is given by the amount of time spent by the robot 
under the light bulb when the light is on. Initially the light 
is off. Therefore, the robot must first go towards the black 
stripe to switch the light on (notice that the fitness function 
does not explicitly encourage this behavior). The black and 
grey areas on the floor are used by the computer to detect, 
through a sensor positioned under the robot, when to switch 
the light on and when to accumulate fitness points, but 
this information is not given to the evolutionary controller. 
Evolved robots learned during their lifetime the sequence of 
behaviors necessary to increase their fitness. These included: 
wall avoidance, movement towards the stripe, movement 
towards the light, and resting under the light. 


The evolution of learning rules not only result in more complex 
skills, such as the ability to solve sequential tasks that simple 
insects cannot solve, but also in far fewer required genera- 
tions . However, the most important result was that evolved 
robots were capable of adapting during their lifetime to several 
types of environmental change that were never seen during 
the evolutionary process, such as different light conditions, 
environmental layouts - even a different robotic body. 


Evolvable Hardware 


At EPFL, in collaboration with other European partners 
(Tyrrell et al., 2003), we are pushing even further the analogy 
between silicon devices and biological cells in the attempt 
to create an electronic tissue capable of evolution, self- 
organization, and self-repair (http://www.poetictissue.org). 
The electronic tissue is a multi-cellular surface composed 
of several tiny re-configurable electronic circuits that can 
be attached or detached while the tissue is in operation. 
Just like a biological cell, each electronic cell is composed 
of three layers (figure 7): A genotype layer that stores the 
artificial genome of the entire tissue, a phenotype layer that 
expresses the functionality of the cell (a neuron, a hair cell, 
a photoreceptor, a motor cell, etc.), and a mapping layer that 
regulates the gene expression mechanisms depending on inter- 
cellular electronic signals. In addition, each electronic cell (or 
group of cells) can be attached to a sensor (a phototransistor, 
a whisker, a microphone, etc.) and/or to an actuator (a servo- 
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Figure 7. A schematic representation of the electronic tissue. Each cell of the tissue is composed of three layers: a genotype layer to store the artificial 
genome of the entire tissue, a phenotype layer to express the functionality of the cell, and an intervening mapping layer to dynamically express the genes 
into functionalities according to gene expression and cell signalling processes. In addition, each cell of the circuit has input and output connections with 
the environment. Cells can be dynamically added or removed from the circuits at runtime. A prototype of the electronic tissue has been added on top of the 


Khepera robot and evolved to generate tissues of spiking neural controllers. 


motor or an artificial muscle). An artificial genome is sent to 
a mother cell that sends it to all available cells (mimicking 
a process of cell duplication). As a cell receives a genome, 
a process of gene expression starts whereby cells begin to 
broadcast electronic signals to neighbouring cells. The gene 
expression mechanisms are affected by these intercellular 
signals so that the functional property expressed by a cell 
partially depends on the type and intensity of received 
signals, on their position in the tissue, on the time of genome 
reception, and on environmental stimulation (for example, 
cells connected to photoreceptors have a higher likelihood 
to process photons). Early prototypes of the electronic tissue 
have been interfaced to a robot by connecting the sensors and 
actuators to the tissue. The tissue has been subjected to an 
evolutionary process where a population of several different 
genomes are sequentially tested, reproduced, crossed over 
and mutated until the robot displayed suitable navigation in 
a maze (Roggen, Floreano, and Mattiussi, 2003). 


Evolutionary Morphologies 


Back in 1997, when quadruped robots where still an affair of 
research laboratories, we used a co-evolutionary approach to 
investigate the balance between morphology and control of 
a four-legged robot (Floreano and Urzelai, 2000b) (figure 8). 
More specifically, we were interested in finding a good ratio 
between leg and body size as well as to minimize the number 
of motorized degrees of freedom provided a behavior-based 
control system with a number of evolvable parameters. We 
carried out co-evolution of body and control in 3D simula- 
tions, but constrained the genetic representation of the robot 
morphology to a number of primitives that could be built using 
available technology. Evolved robots were capable of walking 
forward and turning very smoothly to avoid obstacles using 
an infrared sensor positioned in front of the robot. These 
robots used rotating joints only on the front legs. We then 
built a physical robot according to the dimensions found by 
the co-evolutionary process (figure 8, right) and downloaded 
the evolved control system for autonomous navigation. The 


physical robot displayed the same walking behavior shown 
in simulation, although it had a noticeable trembling (which 
looked as if it was affected by the mad-cow disease) caused 
by the differences between simulations and physical reality. 
Since our purpose was to study the interactions between body 
and control co-evolution, we did not attempt to improve the 
walking behavior of the physical robot. However, a possible 
strategy would be to evolve the learning rules (as described in 
a section above) and have the "newborn" physical robot adapt 
online to its own physical characteristics. 


Publications 
A.l. 101 Robotic Self-Evolution 


by Dario Floreano, Francesco Mondada, Andres Perez-Uribe, Daniel 
Roggen 


Figure 8. An evolved 4 legged-robot. The control system of the robot, its body 
size, and length of legs have been evolved in 3D simulations (left). The physical 


robot (right) has been built according to the evolved genetic specifications. 
The evolved control system is transferred from the simulated to the physical 
robot. Such an evolved robot can walk and avoid obstacles. The robot is ap- 
proximately 20 cm long and less than 1kg without batteries. Leg control is 
given by low-consumption HC11 microcontrollers. 
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INTERVIEVV VVITH HELEN GREINER 


- Loren Means, Editor, YLEM Journal 
LM: How did your company come about? 


HG: | co-founded iRobot with two business partners in 1990. 
We were right out of MIT. Colin Angle and Rod Brooks. Rod kept 
his day job as a professor at MIT. Now he runs the Computer 
Science labs at MIT. We've been building all different sorts of 
robots. Originally robots for research labs. We delivered them 
to universities and government centers across the country. 
Then we did some military contracts to do the development 
of very sophisticated walking robots. Then we did some work 
in partnerships. We got to do robots that go down into oil 
wells, and robots that do retail cleaning. Then we did toys 
and games with Hasbro. We had to attack the markets that 
the technology was ready for, but scale it up all the time to 
attacking larger and larger markets. It's not that any of those 
things were wrong--in fact, they were probably the only way 
we could have gotten to where we are today. They all had 
separate business models. Some we even made money at. 
But it's kind of a means to an end to get robots to be part of 
everyday life, for robots to be mainstream and take on the 
tedious and the dangerous jobs. 


LM: What was your background before you started the 
business? 


HG: | was an MIT student. | did my Bachelor's and my Master's 
at MIT in mechanical, electrical, and computer science. | 
worked in Ken Salisbury's lab. | did robotic gripping. And now 
the humanoids that they're building at MIT all have these 
grippers where the fingers are based on what | had done 
with Ken for my thesis. So I'm really excited about that. Very 
flexible, compliant gripper systems, so they can interact well 
with the world and go and pick up things. My advisor now is 
a professor at Stanford. 


LM: How many employees do you have? 
HG: We have about two hundred. We're hiring. 
LM: How many are in R & D? 


HG: At least seventy percent. We have the largest collection 
of roboticists in the world at iRobot. 


LM: Stanislaw Lem said a while back that he didn't think 
there was any practical reason for having humanoid ro- 
bots. 


HG: Humans have evolved their mechanical systems, their 
sensing systems, for a certain set of requirements. We built 
the Roomba [robot vacuum cleaner], for instance, to do a 
certain job. You don't need the complexity of a human to do 
that particular job. So we've taken it down to its basic level, 
the simplest thing we can build to get the job done, which 
is usually the best engineering solution. But in the longer 
term, | can think of reasons to have humanoids. One is that 


people interact very naturally with a human. You can just sit 
down and talk to someone that looks humanoid and it could 
be a better interface to a computer. We've instrumented our 
environment around humans, so there might be certain tasks 
that are difficult to do on a wheel base, on a track base. We 
might need more human characteristics for getting up high 
to cupboards, something like that. | think it remains to be 
seen whether we're going to design the houses more for the 
robots, or the robots more like the humans in the houses. | 
think it will be a combination of both. Lots of jobs, you just 
don't need human form and function. Those are the ones we're 
attacking first. But that doesn't mean | don't believe in the 
long term we won't get there. | just don't think it's going to 
be 2035 like in the movie /, Robot out this summer. It's going 
to be further off than that. 


LM: You were projecting maybe a hundred years? 


HG: Yes, but I'm talking about the intelligence systems, the 
power systems, the mechanical systems that truly duplicate 
a human. Not some level of functionality that's human-like. 
That we have today. 


LM: You were saying with the Roomba that people give it 
a name. 


HG: | think when they buy it, they buy it as an appliance. But 
when they get it home and they turn it on, it avoids obstacles, 
and it won't fall down the stairs, and now it goes and eats, 
plugs into its power supply alone. The only thing that they've 
had in their lives that has had those characteristics are crea- 
tures, or pets. So they start naming it, and in essence treating 
it like a little pet in their home. Not everyone. There are some 
people that are always going to say “It's a machine", but it's 
neat to see how quickly people—I don't know the animal 
equivalent of anthropomorphize, but that's what they do when 
they watch it working. They think, "Oh, it's a little guy. It's do- 
ing the job for me, and look at how much effort it's making." 
But of course, it's a machine, like a computer. 


LM: Dr. Cynthia Breazeal and Dr. Rodney Brooks at MIT 
talk about robot emotions and say that without emotion, 
decision-making is impossible. Is emotion only necessary 
for humanoids? 
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HG: Emotions change people's physiology, put more adrenaline 
in or make you express to people that you're not an enemy. 
They've all evolved for a reason, to keep societies together. | 
think we haven't really gotten to the point in the robots that 
we need them yet, because the types of decisions they're 
making are not to fall down the stairs, and to get around an 
obstacle on their own. They're not making a decision on who 
to marry. We might simulate emotions with something else. 
For instance, on our PackBot system, we have an overdrive, 
meaning that if we want to go much faster, we slam more 
voltage into the motors. Usually you wouldn't run them like 
that, because if you stall them, they would break. But once in 
a while, you know there's nothing out there, you just want to 
book. That might be similar to an adrenaline function. Getting 
more adrenaline in your system, so you have more power to do 
something quickly for a very short amount of time. We don't 
necessarily think of that as a flight function or a scared func- 
tion or an aggressive function, we just think of it as increasing 
voltage to the motors. As robots come to be more interactive 
with humans, the simulated emotions are more necessary. 
We might be doing some of the same functions anyway, but 
when you start interacting with humans, simulating the look 
and feel of those emotions on these agents will be beneficial 
for the interaction. | think that's where Rod and Cynthia are 
coming from. 


LM: So it isn't necessary for the robot to have emotion, but 
to act like it has emotion. 


HG: Yes, but being a reductionist myself, I'm not sure what 
emotions are. 


LM: What are PackBots? 


HG: A PackBot is a military robot that iRobot builds. We first 
deployed them in Afghanistan. They were used to go into caves 
and search out weapons caches. The Taliban were hiding their 
weapons caches in these caves, and they were very danger- 
ous for our soldiers to go into. Now they're used on hundreds 
of missions a day in Iraq, where terrorists are setting bombs. 
Standard operating procedure used to be, our guys would go 
out, up to the bombs, and once in a while they'd lose a limb 
or even their lives by taking on this dangerous mission. Now 
the procedure Is to grab a robot and send it out and take out 
the bomb. 


LM: Your fundamental approach is bottom-up, which was 
pioneered by Rodney Brooks. 


HG: It won't be that we won't add “higher-level functions," 
or we won't add a map to our robots, but we really will al- 
ways have those bottom functions running and build up from 
them, rather than model the world and act in it from the top 
down. 


LM: 1 think the discovery of the bottom-up approach is revo- 
lutionary, as Artificial Intelligence wasn't working when it 
was attempting to model a central intelligence at the top. 


HG: It's enabled this industry to start taking off. This way of 
thinking about things that isn't in simulation, isn't "model the 
world, then act in it.” It's really much more “be in the world, 
react to it." 


LM: | met Dario Floreano a couple of weeks ago, and he 
demonstrated tiny agents that taught themselves to stay 
on a table, without the knowledge being programmed into 
them. He said that the robots that fell off the table didn't 
get reproduced, but the ones that stayed on the table did. 


HG: | like that, taking the Artificial Life out of the computer 
systems and putting it into the real world. | think there are 
tremendous applications for that. The business applications 
we've chosen first, we've tended to know something about 
the environment, and if you know something, it's nice to put 
itin. But | think there's tremendous potential for evolutionary 
approaches in our field. 


LM: It seems to me that the difference between modeling 
the world first and then trying to get a robot to act on 
that model, on the one hand, and having the robots find 
out how to do things, on the other hand, is a fundamental 
difference. The thing that I'm attracted to about that is 
that you don't know... 


HG: ...out we can't put a thousand Roombas into somebody's 
home and have a few of them crash and burn. Our customers 
wouldn't like that. If there's learning that has to be done, it 
will probably be on learning the environment, and having stil 
the base functionality that's in there today, already running. 
Then maybe it learns where your refrigerator is, or where your 
bathroom is. You'll tell it to go clean that bathroom and it will 
go and do that, rather than learning everything. 


LM: It seems to me that you're plugging into an unknown 
force outside of the programmers’ knowledge. 


HG: The sensors that the robots have tell them about the 
environment, even though the programmer has never been 
into everybody's house where the Roombas are running. But 
it's still not learning about its environment today. Not to say it 
won't in the future. Humans are very opportunistic. There are 
parts of us that are kind of pre-wired to learn. Like language 
development comes at a certain age, because we're wired to 
learn it. When you take things out of order, it's actually harder 
to learn. Likewise, the robots can be pre-wired to learn certain 


aspects of houses. But | see more in Artificial Life simulations, 
where you start off with an absolutely blank slate, and | don't 
think creatures really do that. They're basically wired up to take 
all the inputs from their environment for things that can't be 
transmitted genetically. 


LM: Dr. Brooks talked about a robot with a childhood. But 
your robots are created fully formed. 


HG: When we put the robotic doll on the market, we made it 
with a childhood. When it first came, it gurgled and cooed, and 
then later on it could speak simple words and then make them 
into simple sentences even later on. But that was because of 
the play patterns of children. We were feeding into our learn- 
ing abilities, and showing a baby progressing to entertain and 
teach children. The robot couldn't have been programmed to 
do things in the beginning. It's tremendously exciting. One of 
the biggest endeavors humans can undertake is to learn about 
what we are and how we think. What they're getting towards 
in the universities, what robots teach us and other people who 
work on them is just how special we really are. How really 
spectacular our sensory systems, our processing systems, our 
mechanical systems are. We find out what's easy to duplicate, 
what we can do a different way--because it doesn't always 
have to be the same way as a human does the job--and what's 
really, really special. And there's a lot that's really special. 


LM: There are new ways of looking at what humans really 
are, because of robot development. 


HG: You can learn a lot across disciplines. | learn a lot by read- 
ing books about biology, especially evolution, and learning. 
Biologists, looking at what computers do now, with the von 
Neumann architecture, and looking at other paradigm shifts 
there might be to change that, maybe can eventually get closer 
to what creatures do. 


LM: You have a robot fish? 


HG: We've done a lot of biologically-inspired designs, bio-mi- 
metic. We never believe that we need to duplicate a creature, 
but there might be some mechanical or other principles that 
we can extract from their success. With the robot fish, it was 
that fish are more efficient than propeller drives. So if we can 
make use of those principles, not by duplicating a fish, but by 
just duplicating the flapping for our locomotion, the idea is, 
can we do better than a propeller drive? The same thing with 
the gecko work we did with UC Berkeley. Look at how geckos 
cling onto walls. They're the holy grail of climbing systems in 
the natural world. What are they using? Can we duplicate it? 
If we can't, at least it adds to the body of knowledge about 
how creatures function. 


LM: So you're going to implement a gecko system for 
washing windows? 


HG: No, no, we're far away from that. There has to be some 
really core basic research done in nanotechnology, but it's 
a possibility. It's a possibility over the long term, not in the 
short term. But if we could build something like a gecko to 
clean windows, it would be phenomenal, because it doesn't 
have the energy requirements, the stickiness, or some of the 
downfalls of other systems. But it's not close. It was in the 


concept stage, the discovery stage with UC Berkeley, learning 
how geckos cling to walls, and now it needs to go into the 
core research stage, way before we do the system prototyping 
stage, which is where we would come in. 


LM: | think of your robots as works of art. 


HG: | appreciate that. The Roombas are things that are in 
people's homes. They're out when people have company, many 
times. We really believe it's got to look like a sleek, professional 
consumer product. But also, be a little robot-like. With the 
Roomba's beeps and bloops, and its sensors are up front like a 
creature. There's a lot that people like about the design. A lot 
of it is based on function, so it can go under beds, go under 
couches. It's got to be really low to the ground. Round helps 
it keep out of trouble. If you're turning in place, you don't hit 
things when you're round. 


LM: And it doesn't have a visual sensing system. 


HG: It doesn't have a visual sensing system on it today. The 
technology really isn’t ready to get to the cost our consum- 
ers want to pay. When we add the vision system, we need to 
add a lot more capabilities to the robots. They need to do a 
lot more than we can do with the very inexpensive systems 
we put on today. But as we increase the number of tasks, we 
increase what we want to do. Take a robot lawnmower, for 
example. The Roomba works fine in the home, but you don't 
mow grass unless you go in extremely straight lines. Maybe 
that's where a vision system comes in. The capabilities, the 
performance go up in order to incur the cost of adding those 
types of sensors. We could add sensors on the Roomba where 
it could make a fully-dimensional, three-dimensional map of 
the person's home, and could sense people, it could sense gas 
or other elements. It can do a whole lot, but we don't add it 
on until it gets the job done for people. 


LM My conventional vacuum cleaner has a special attach- 
ment to clean steps. The Roomba is not going to do that, 
but it sounds like the PackBot could do it. 


HG: The PackBot is a little expensive to clean steps. It can climb 
up steps, but not in my home! | think a lot of our customers 
would feel the same way, because it's a track system, and it 
could create some damage. It doesn't matter, when it's in the 
caves in Afghanistan and enemy-occupied buildings in lraq, 
but it's not something you would want in your own home 
every day. 


LM: The PackBots cost something like a hundred thousand 
dollars? 


HG: Yes. But you can imagine, maybe the Roomba can't do 
it, and then people will jump to "Well, build a humanoid." 
But | think that's entirely the wrong approach. Let's imagine 
instead a little mini-Roomba that you put at the top of the 
stairs, that goes down the stairs and cleans each step at a 
time, and then it dumps all the dirt at the bottom. And the 
Roomba eventually comes by and picks it up. So it doesn't need 
all the containment facilities. It's just got to brush stuff down 
the steps. That would be an example of robots cooperating to 
get the job done, but not needing to jump from simple and 
functional to extremely complex. 
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LM: Hans Moravec is famous for his idea of downloading 
people's minds and then putting them into robots. 


HG: I'm not sure I'd want to be famous for that particular 
idea, personally. | have seen nothing to make me believe that 
there is any plausibility associated with that today. Not that 
it couldn't be in the future, but | haven't seen anything that 
| would look at and say "Yeah, he's right, if we continue this 
path, we'll get there." | just don't see that. But that doesn't 
mean it will never happen. 


LM: Then there's Vernor Vinge's and Ray Kurzweil's concept 
of the Singularity. 


HG: The Singularity? 


LM: The concept that at a certain point, machine intelligence 
surpasses human intelligence. 


HG: (Laughs.) | think they're missing the magic step. Like 
processing just increases and increases and increases, and all 
of a sudden we have the intelligence of lizard, frog, dog, hu- 
man. There's a lot we don't know about human intelligence, 
and | think people really need to focus on how it works, not 
just think that processing power is going to get there. For 
example, there are computers playing chess. And it's neat. It 
can kick my ass on my palm pilot today. But they don't play 
chess in the same way that humans do. They're doing a really 
deep search. I'm a chess player, and | don't go to that level. 
There's a lot of strategy involved that is going on less deep, but 
maybe more broad-scale, kind of a plan of action. We haven't 
really started figuring out how humans think. | do believe that 
machine intelligence will duplicate human intelligence. | don't 
believe that there's a point that we can't get past. But | think 
the arguments that people are making that if you increase 
processing power it will just happen, are a little naive. They're 
the same people who thought that computer vision was easy 
in the Sixties, and thought "We'll just assign a grad student a 
thesis to solve computer vision, and it will be done." 


LM: Do you think that the development of robots is going 
to take humans to a higher level? 


HG: | think the first step is get people not to have to do tedious 
jobs, so they have more time free. They may want to spend 
it reading a good book, or spending quality time with their 
children, or if they're passionate about their jobs, even work- 
ing more. That's one level. Another level is to amplify human 
capabilities, add more stuff. Like, we only see in one spectrum 
today. Add stuff to our bodies that lets you have different kinds 
of vision. I'd sign up for night vision personally, if | could add 
that on. I'd take a little more memory, so | could store more 
things. We only remember a certain number of digits. I’d love 
a little processor that would help me remember even more. 
We're getting close to that with these little devices that are 
attached to your hip, your cell phone and PDA, but | think they'll! 
start to be embedded at some point in time. Then there's some 
of the work going on in man-amplification, anthropomorphic 
amplification. Make people run, have more strength, stuff like 
that will be kind of cool - "human augmentation" can extend 
human capabilities, but that is a loaded term. 


LM: | think it was Ray Bradbury who wrote a story about a 
little girl who preferred her robot grandmother to her real 
grandmother, because the robot grandmother can't die. 


HG: As a human, I'd rather extend my life than have the robots 
live longer. | think most mechanical systems today don't last as 
long as a human does. At least they go obsolete long before. 
What's really unique about humans is their ability to invent 
things, and to discover and build technology. It's all leading 
to creating duplicates of themselves. 


Editorial continued from page 2: 


Helen was demonstrating iRobot's Roomba robot vacuum 
cleaner, which nudged me several times as we chatted. She 
was introduced at her formal presentation by Sonia Arrison of 
Pacific Research Institute, who pointed out that Helen was a 
recipient of the Demo God award. Unfortunately, the projection 
system failed Helen, as it did most of the participants in the 
symposium. But Helen prevailed, the Roomba didn’t fall off the 
table, and afterwards we sat down for a conversation. Helen 
proved to be erudite, knowledgeable, and more personable than 
many of the corporate CEOs I've met in my twenty-five years 
in the computer business. By the way, the graduate student 
Helen mentions as trying to solve robot vision was Gerald 
Sussman, who was given the assignment by Marvin Minsky 
in 1966. The last words of the printed interview herein were 
literally the last words Helen said to me, as our conversation 
was terminated by someone announcing to Helen that David 
Brin was about to be interviewed. Helen dashed off to join 
David, whose presentation included the provocative statement: 
“You will not find a popular movie in which the hero does not 
bond with the audience through some small eccentricity and 
shows suspicion for authority, and the bad guy doesn't show 
intolerance. No one ever wants to believe that their own beliefs 
are the result of propaganda." 


Apparently a really earth-shattering robotics event took place 
at the Accelerating Change symposium after | went home. As 
reported at Accelerating Change's website(www.accellerating. 
org) "We all knew it would happen. We just didn't know when. 
But Second Life's Cory Ondrejka has just blogged The Eno- 
counter: At last weekend's Accelerating Change Conference, 
Dean Kamen's demon seed, the Segway Personal Transporter, 
met Helen Greiner's lovechild, the Roomba robotic vacuum 
cleaner, in a climactic crash that will echo through the ages. 
And | quote: ‘That night also had what was, for me, the high- 
light of the conference. | refer, of course, to the ultimate con- 
vergence of technology. The perfect connection of human and 
robot. The consumate collision of 21st century geek products. 
| am referring, of course, to the moment that a Segway ran 
over Roomba." Apparently both survived. 

This is the first of a series of issues of the YLEM Journal devoted 
to the art of robotics. Stay tuned. 
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